Staphylococcus aureus (Wood 46) was grown aerobically and anaerobically in supplemented 3 : < (w/v) Tryptone Soya Broth medium for 24 h at 37 "C. Although the bacterial density achieved was 9 times higher in the aerobic culture, the exoprotein produced per unit of bacterial dry weight was only 1.4 times higher than in the anaerobic culture. However, the SDS-PAGE patterns of extracellular proteins were quite different : the aerobic products occurred almost exclusively in the mol. wt range 15-30000 compared with 30-60000 for those produced anaerobically. The only major component common to both preparations was a-toxin which accounted for 2.4 times more of the total exoprotein under aerobic than under anaerobic conditions.
I N T R O D U C T I O N
Many in ritro studies on the nature of the extracellular proteins, particularly the toxins, secreted by the facultative anaerobe Stuphj*lococcus uureus have been carried out under aerobic conditions which support high rates of bacterial growth (Freer & Arbuthnott, 1983) . Whilst a number of the extracellular products are known to be virulence factors, such studies are of limited relevance to the disease process since anaerobic conditions are likely to be encountered during the establishment of a bacterial infection in the presence of host defence mechanisms.
With this in mind, Coleman et ul. (1983) compared the growth and total extracellular protein formation by a number of clinically isolated strains of S . aureus under both aerobic and anaerobic conditions. All the organisms grew well and produced exoprotein aerobically; however, under anaerobic conditions, whilst growth was observed in all cases, lower bacterial densities were achieved which were not necessarily accompanied by detectable exoprotein secretion. In those cases where extracellular products were formed anaerobically it is important to know if the pattern of product differs from that produced aerobically, since it may reflect a change in the nature of the virulence factors produced in an infection as it progresses into a chronic phase.
A preliminary investigation has been carried out on the much-studied high or-toxin-secreting Wood 46 strain of S. uureus.
METHODS
Orgmisni. Srrrpk!.k)c.oc.c.tr.F (iiirw.s (Wood 46) (NCTC 7 12 1 ) was used. Growrh c~o n t l i r i o t~.~. An overnight culture was grown in a 3", (wlv) Tryptone Soya Broth (TSB) medium supplemented with vitamins and metal ions ;is described by Abbas-Ali & Coleman (1977) and used to loopinoculate both aerobic and anaerobic cultures. Thus. aerobic cultures were grown in 50 ml batches of medium contained in 250ml conical flasks and incubated at 37°C in a gyratory incubator-shaker (model G25, New Short communication Brunswick) . The anaerobic cultures were grown in freshly autoclaved medium contained in 100 ml screw-capped bottles which were tightly sealed and all air space excluded (Lascelles, 1974) . The bottles were incubated at 37 "C in a bacteriological incubator (model 1 H-150, Gallenkamp). Incubations were carried out for 24 h, when the stationary phase of the growth cycle was reached in both cases.
Bacterial density determination. (1978) .
Huemolytic acticity. The a-toxin content of culture supernatant fractions was estimated by the method of Bernheimer & Schwartz (1963) .
SDS-PAGE. The method of Laemmli (1970) was used and samples were prepared for running as described by Mackman & Holland (1984) . The samples were run in parallel with a prepared mixture of molecular weight marker proteins (MW-SDS-70, Sigma). Under the conditions employed, pepsin, a component of the mixture, migrates abnormally slowly, and at approximately the same rate as ovalbumin, and as a consequence was omitted from the molecular weight scale shown in Fig. 1 .
RESULTS A N D DISCUSSION
S . aureus (Wood 46) was grown aerobically and anaerobically for 24 h at 37 "C in a supplemented 3% (w/v) TSB medium, after which time the stationary phase of the growth cycle was achieved in each case. Duplicate samples of both cultures were taken for analysis and the data obtained are shown in Table 1 as a representative set of readily reproducible results. It can be seen that when growth ceased the bacterial density of the aerobic culture was 9 times that of the anaerobic culture. This difference in bacterial density is reflected in the relative amounts of total extracellular protein and a-toxin formed, in which cases the corresponding values were 12.6 and 30.0, respectively. However, these values represent differences in absolute amounts and do not reflect the relative efficiencies of production of extracellular products.
The total exoprotein and a-toxin formed per unit of bacterial mass under aerobic conditions were 1.4 and 3.3 times, respectively, the anaerobic levels. These values show that whilst there was no dramatic change in an individual bacterial cell's total exoprotein-forming capacity on undergoing the transition to anaerobic conditions, the change in a-toxin-forming ability was much more marked. Thus, values of 2575 haemolytic units per mg of exoprotein, aerobically, compared with 1078 haemolytic units per mg exoprotein, anaerobically, show that a-toxin accounts for 2.4 times more of the total exoprotein in the aerobic than in the anaerobic culture.
The importance of the latter observation is that it suggests a difference in distribution of individual extracellular protein components in the aerobic and anaerobic cultures. This suggestion is borne out in practice, as can be seen in Fig. 1 where it is shown that on SDS-PAGE two quite different patterns were obtained. The position of the a-toxin is indicated as material which co-migrated with a-toxin isolated by the method of Dalen (1976) and the relative intensities of the two spots differ by an amount consistent with the numerical value of 2.4 given in Table 1 . However, the most marked difference was in the distribution of the other extracellular proteins.
All the major components in the aerobic culture medium were in the mol. wt range 15-30000 whilst anaerobically nearly all the extracellular products were in the range 30-60000, the only The organism was grown, in both cases, in supplemented 3% (w/v) TSB medium, inoculated from an overnight culture in the same medium and incubated for 24 h at 37 "C. major component common to both preparations being a-toxin. These differences could not be accountable to protein degradation since in neither 24 h culture supernatant fraction was there any detectable proteolytic activity.
It is important to note that the anaerobic cultures used in this study were grown in tightly sealed bottles from which air was excluded, as described by Lascelles (1974) . The validity of this procedure was confirmed by growing a culture under strictly anaerobic conditions in the anaerobic turbidimeter of O'Grady & Eley (1983) and subjecting the 24 h supernatant fraction to SDS-PAGE when a pattern identical to that shown in Fig. l ( b ) was obtained.
The differences between the extracellular proteins produced aerobically and anaerobically ( Fig. 1) are so marked that they suggest the exercise of great caution in extrapolating from in vitro studies on exotoxin formation under aerobic conditions to pathological effects caused by the exotoxin-producing organism. In this regard, further work is in progress to examine the changes in extracellular protein formation associated with the change to anaerobiosis in clinically isolated strains of S . aureus.
The author wishes to thank Mr. A. Eley who cultured the organism under strict anaerobic conditions. 
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